ABSTRACT
Introduction
Human papillomavirus (HPV) infection is one of the most commonly acquired sexually transmitted infections (STI). More than 6 million people acquire HPV infections annually [1] . It is well known that infection with one or more of several oncogenic subtypes of HPV can lead to development of cervical intraepithelial neoplasia (CIN).
CIN ranges in severity from CIN 1, which is more benign and often regresses by itself, to CIN 3, which is classified as a true precursor of cancer of the cervix and has strong malignant potential. In the US, an estimated 1.5 million women present annually with low-grade squamous intraepithelial lesions (LSIL) [2] , which is roughly equivalent to CIN 1 [3] . Although these LSIL/ CIN1 lesions may regress without treatment, they could progress to invasive vaginal, vulvar, and anal cancer, especially in women with persistent presence of high-risk HPV types.
At present, no immediate pharmaceutical therapy is available for HPV-infected women with LSIL/CIN 1. If LSIL/CIN 1 persists for up to two years, surgical ablative or excisional treatments are usually performed, possibly resulting in increased risk of fertility and pregnancy complications [4] .
A safe, non-invasive pharmaceutical therapeutic alternative to conventional surgical treatment modalities that could resolve abnormal cytology in early stages of disease and diminish or eradicate HPV presence would provide a significant benefit to the healthcare system and the physical and emotional well-being of many young women.
Recombinant interferon alpha-2b (IFNα2b) is known to be active against a variety of HPV-induced lesions. All currently approved interferon alpha-2b products are injectables. To date, no topical dosage form of interferon alpha-2b has been approved for delivery via the skin or mucosa in humans.
Using 
Materials and Methods
Two independent studies were conducted in parallel.
IFN002 was an open label study with a 4-week screening phase, 6 weeks of treatment and 6 weeks of follow up. HPV001 was a single cohort observational study conducted over 12 weeks. The studies were carried out at multiple sites in Germany with adherence to GCP guidelines. Patients were instructed to apply the entire contents of a single tube of study cream high into the vagina in the evening just prior to bedtime 3 times a week (on alternate days) for 6 weeks. Subjects were advised not to use the cream while menstruating and to apply the cream following sexual intercourse should the timing of intercourse have coincided with cream application. All other topical preparations applied to the genital area were to be avoided. A flow chart of the investigation and clinical assessment for IFN002 is included in Table 1 .
IFN002 Study
To ensure patient compliance, the used and unused tubes were weighed. Tubes with a tare weight of  4g were considered to have been fully administered.
Patients were informed that they were free to withdraw from the study at any time and for any reason. The investigator was allowed to remove a patient from the study if it was not in the best medical interest of the patient to continue in the study.
Efficacy in the treatment study (IFN002) was assessed by evaluating the primary end point, which was defined as the proportion of patients in the Intent-To-Treat (ITT) population with reversion of abnormal cytology to normal (Pap grouping I or II) during 12 weeks after the start of the treatment period (i.e. week 2, 4, 6 or 12, corresponding to visit V04, V05, V06 and V07, respectively).
A secondary end point was identical to the primary end point for ITT, except as observed in the Per Protocol (PP) population. An additional secondary endpoint included the proportion of patients in the PP and ITT populations who reverted from HPV-positive to HPVnegative status within 12 weeks after the start of the observation period using a GP5+/6+ PCR-EIA method.
HPV001 Study
Twenty one otherwise healthy females aged 18 years or older were enrolled into HPV001. Inclusion/exclusion criteria for HPV001 were the same as for IFN002. The following assessments were conducted at visit 1(V1): colposcopy (PAP smear and HPV status included), vaginal pH, blood pressure/heart rate, physical examination, urinalysis, blood chemistry/haematology, pregnancy status, concomitant medication, and adverse effects.
Subjects returned for a final visit 12 weeks after V1 where colposcopy (PAP smear and HPV status included), vaginal pH, blood pressure/heart rate, physical examination, urinalysis, blood chemistry/haematology, pregnancy status, concomitant medication, and adverse effects were evaluated.
In the HPV001 control study, the primary endpoint was the proportion of patients with a resolution of an abnormal Pap smear at the end of the 12 weeks observation period.
Statistical Analysis
Statistical analysis of the efficacy parameters was performed using FET p = 0.05 two sided or p = 0.025 one sided. The difference in response rates between both groups was determined via one-sided Fisher's Exact Test (FET).
Safety parameters of a quantitative nature (laboratory results) were analyzed by using the asymptotic MannWhitney-U-test for differences between groups and the asymptotic Wilcoxon-test for dependent samples (within group differences).
Results
Twenty patients entered the treatment phase and received study medication at least once. These patients constitute the "safety" sample.
All 20 "safety" patients were assessed to be part of the ITT sample. Twelve of the 20 ITT were included in the PP population ( Table 2) . For the HPV001 study, the 21 patients who entered the observation period and had a second visit after about 12 weeks constitute the "safety" sample. All 21 "safety" patients were assessed to be part of the ITT sample while 19 patients were regarded to be "per protocol" ( Table 3 ).
In the IFN002 study, the primary study endpoint was defined as the proportion of patients with resolution of an abnormal Pap smear during the 12 weeks after the start of the treatment period in the ITT population. In the treatment group, 8 out of 20 patients (40.00%) in the ITT population were responders in contrast to 7 out of 21 patients (33.3%) in the control group (Table 4) . This result was not statistically significant (p = 0.45, one-sided FET). Furthermore, the Pap smear results of two patients in the treatment group worsened after a preliminary PAP response at earlier visits.
A secondary endpoint for the IFN002 study was defined as the proportion of patients in the PP population with resolution of an abnormal Pap smear during the 12 weeks after the start of the treatment period. In the treatment group, 7 of 12 patients (58.3%) were responders in contrast to 7 of 19 patients (36.8%) in the control group. This result was not statistically significant (p = 0.21, one-sided FET).
In patients who presented with PAP IIID at enrollment, there was a trend, though not statistically significant, toward a higher proportion of resolution in treated patients (8 of 14) than in controls (4 of 14); (one-sided FET, p = 0.13). Enrollment is defined as the randomization visit (V3). Another secondary endpoint was the proportion of patients in the ITT and PP populations with resolution of HPV-positive status during the 12 weeks after the start of the treatment period. An HPV-negative response was defined as an occurrence of an HPV-negative finding at least one time after the start of treatment. In the treatment group, 3 out of 20 patients (15.00%) in the ITT population were HPV-responders in contrast to 2 out of 21 patients (9.52%) in the control group. In the PP population of the treatment group, 1 out of 12 patients (8.3%) were HPV-responders versus 2 out of 19 patients (10.53%) in the control group. Thus, the differences in secondary end point responses observed in both the treatment and control groups were not statistically significant.
Results of cervical lesion assessments by colposcopy showed no between-group differences and no relevant change over time within groups. Colposcopy at screening (V01 and V03 in the treatment group) was suggestive of normal findings or CIN 1, as demanded by the in-/exclusion criteria. At final individual observations in the ITT population, 14 patients (66.67%) in the control group were unchanged, 5 patients (23.80%) had worsened and 2 patients (9.52%) had improved to normal. In the ITT population in the treatment group 12 patients (60.0%) improved towards "normal" or "atypical". Six patients (30.00%) remained CIN 1 however one patient did show colposcopic response at V05 but at visit V07 reverted back to CIN I. Two patients (10.00%) worsened to CIN 2 or even CIN 3.
According to the investigator's tolerability assessments of the cervical, vaginal, introital and vulval sites, erythema was observed at the cervical site in a small number (ten) of treatment group patients and in one control group patient. Mild vesicles were documented in one control group patient. A mild erosion/ulceration was observed in one treatment group patient and in one control group patient. No patient from either group showed a visible reaction at the vaginal site. A mild erythema was seen in only one patient at the introital site and a moderate erosion/ulceration was seen in one patient of the treatment group at the vulval site.
In the IFN002 study, 17 of 20 patients used between 15 and 25 tubes with tare weight ≤ 4 g and were thus compliant according to protocol. The extent of exposure of these patients was therefore 150 -250 MIU IFNα2b over the study duration.
Twenty seven AEs in the treatment group occurred after the start of treatment in 14 of the 20 patients (70.00%). Two of these AEs were listed as serious (accident by swimming with concussion of the brain and compression of the cervical cord), 11 were moderate, and 14 were mild ( Table 5) .
In 6 of the 27 AEs (22.22%) was the causal relationship to the study drug assessed by the physician as "possible", including temperature (fever), bleeding/spotting, abdominal pain, diarrhea, vaginal irritation, and perianal erosion. In all other patients, the causal relationship was assessed as "unlikely" or "unrelated".
Discussion
This is the first reported clinical trial evaluating the use of a Biphasix TM -based Interferon alpha-2b Cream as a therapy for HPV-related LSIL. In this study, 10 MIU formulation of recombinant IFNα2b cream was administered intravaginally three times a week for 6 weeks, for a total study dose of 180 MIU. Overall patient compliance was very good and the product was well tolerated. Mild erosion/ulceration was observed in only one patient. Local irritation was observed in a very small number (ten) of patients in the treatment group, but none of the patients showed a visible reaction at the vaginal site. No serious adverse events related to product use were reported.
Although the Pap response differences in the nonstratified ITT populations of the treatment and control groups were not statistically significant, Interferon alpha-2b Cream showed a clear response in 58% of patients in the PP population compared to about 37% in the control group. In addition, 8 of 14 patients presenting with Pap IIID on cytology from the ITT population of IFN002 were responders, which was higher than the 4 responders out of 14 Pap IIID patients in the control population (one-sided FET p = 0.13). Colposcopic findings revealed that 60% of patients in the treatment group had improved towards "normal or atypical" versus just under 10% in the control group.
In the IFN002 study, the primary study endpoint was defined as the proportion of patients with resolution of an abnormal Pap smear during the 12 weeks after the start of the treatment period in the ITT population. In the HPV001 study, the primary endpoint was defined as the proportion of patients with resolution of an abnormal Pap smear at the end of the 12 weeks observation period. Thus, the two definitions of response were not completely identical, and the probability of a response in the treatment group could have been higher due to the greater frequency of Pap smear investigations.
Other clinical trials that have found interferons to be effective against a variety of HPV-related cervical infections have reported cure rates between 0 and 100%. In an open study, Penna et al. [5] reported 80% lesion regression and 51% reversion of HPV type 16/18 to normal following daily intra-perilesional application of 3 MIU IFN beta for 3 weeks into the cervix of women with CIN associated with HPV infection. Similarly, in an open pilot study, Katesmark et al. [6] showed a 73% (histology) complete response rate when IFN was injected into the transformation zone in patients with CIN I and II.
Zarcone et al. [7] reported a 12-patient study with combined intramuscular and topical alpha-IFN therapy in the treatment of CIN 1 and 2 in HPV-positive women. The administration of intramuscular doses of up to 3 MIU IFN daily for 3 weeks combined with intravaginal application of an unspecified dose of IFN cream during the last two weeks of treatment resulted in a complete response in 7 patients, partial response in 4 patients, and no response in 1 patient The variability in results most likely reflects differences in dosage, duration of treatment, mode of application, study design, severity of disease, and measures of efficacy.
While previously reported studies showed that interferon therapy can be an effective treatment for CIN-associated HPV infections, none examined the HPV status of patients post therapy. In the study reported here, HPV DNA testing was performed throughout the treatment and follow-up period. All patients who responded to the Interferon alpha-2b Cream treatment had high-risk strains of HPV DNA at the time of enrollment. Thus, the present treatment appears to be effective in patients with LSIL/CIN1 associated with oncogenic HPV types.
In summary, this study demonstrated statistically nonsignificant findings comparing treatment to an untreated control population both in terms of Pap response and colposcopic assessment. An insignificant result was observed for patients with Pap IIW or Pap III upon enrollment. A trend towards clinical effect, although not significant, was observed in the stratified subgroup of patients who showed Pap IIID on cytology enrollment. The combination of the excellent safety profile exhibited by Interferon alpha-2b Cream together with the tendency in favour of the treatment indicates that further investigation into the efficacy of this therapeutic candidate in CIN 1/2 patients is warranted.
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